The concentrations of As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se and Zn in the muscle, gills, liver and intestine of the wels catfish (Silurus glanis) from the Danube River were analyzed by inductively coupled plasma mass spectrometry (ICP-MS). The aim of the study was to determine whether in complex muscle/skin, gill filament/gill arch, proximal/distal liver and proximal/median/distal intestine samples, particular components differ in concentrations of the analyzed elements. Results indicated that there were no differences in the accumulation of different elements between the proximal and distal liver segments and between the proximal and median intestine sections. Conversely, elemental accumulation patterns in muscle and skin differed significantly. Significant differences were also observed between the gill arch and filaments, as well as between the distal and the two upper intestine sections. Findings indicated the importance of detailed reporting of tissue sampling, i.e. whether the skin was included in the muscle sample, as well as if the gill arch and filaments were analyzed together. Due to a potential bias that can be produced by different muscle/skin or gill arch/filament ratios included in the sample, we strongly recommend that they should not be analyzed together. Results of the present study might be of interest to the scientific community and stakeholders involved in aquatic ecosystem monitoring programs.
INTRODUCTION
Metals are considered to be critical contaminants of the aquatic environment [1] . Fish are among the aquatic organisms most susceptible to water and sediment pollution [2] . At the same time, as species positioned at the top of the food chain, they can accumulate high metal levels [3] . The presence of metals in fish tissues is therefore of considerable importance to environmental and food safety, as well as for public health [4] . Metal pollution in fish has become a worldwide concern, and numerous studies and monitoring programs for metal accumulation in fish have been conducted [5] [6] [7] .
Studies related to metal pollution in fish have been mainly focused on muscle tissue as the main fish part consumed by humans, as well as on the gills, liver, kidneys, and intestine, which represent either major accumulation centers in fish or the main metal uptake routes [5, 8, 9] .
However, there is an apparent lack of a standardized approach regarding fish tissue sampling. To assess this issue in greater detail, we conducted a small literature survey. Analysis of a randomly selected sample of 100 articles dealing with metal accumulation in fish tissues indicated that authors rarely provide informa-tion on the fish tissue-sampling procedure. As much as 77% of papers failed to report whether the skin was separated from the muscle tissue, or if both tissues were assessed together. A minority of authors either emphasized that they removed the skin from the muscle or that they assessed each tissue separately, while a single author reported that muscle and skin were assessed together. As stated by Crafford and AvenantOldewage [10] , authors either include or remove the skin from the muscle sample, although they often fail to report which approach was employed. Furthermore, only 5% of the authors reported that they separated the gill arch and the filaments, while a single author stated that both gill segments were combined in a sample. None of the authors specified which part of the liver was included in the sample. Only a single author provided details on the intestine section that was sampled.
In the present study, we assessed elemental concentrations in different segments of muscle, gills, liver, and intestine of the wels catfish (Silurus glanis) from the Danube River in order to determine possible differences between them. Such information could indicate the importance of sampling procedure standardization and reporting in studies dealing with elemental accumulation in fish. This issue has not received proper attention so far, and the results of the present study might therefore be of interest to both the scientific community and the stakeholders involved in aquatic ecosystem monitoring programs.
MATERIALS AND METHODS

Sample collection
Wels catfish specimens (n=13) were collected by professional fishermen during March 2013 from the Danube River (1169 river km) in the vicinity of the city of Belgrade, Serbia (44º 49' 54.48" N, 20º 27' 23.68" E). The same sample was previously used to assess elemental accumulation in different tissues of the studied species [11] . Specimens were killed with a quick blow to the head, measured for their total body length (cm) and total body weight (g), checked for their sex and maturity by inspection of the gonads, and subsequently dissected. Samples of the muscle (right dorsal muscle), skin, gill filaments, gill arch, liver and intestine were collected. Each liver sample was separated into two sections, proximal and distal. Given that the intestine of catfish species is clearly differentiated into three principal regions − proximal, median and distal [12] , samples from each region were sectioned. All samples were washed with distilled water and stored at -20°C prior to analysis.
Sample preparation and analysis
The samples were freeze-dried using a Christ rotary vacuum concentrator, model GAMMA 1-16LSC (Osterode am Harz, Germany). Analytical portions of approximately 0.3 g (dry weight) were accurately weighed and subsequently processed in a microwave digestion system. Samples were mineralized by adding 6 mL of 65% HNO 3 and 4 mL of 30% H 2 O 2 (Merck, Darmstadt, Germany). Microwave assisted digestion was performed in a Speedwave TM MWS3+ oven (Berghof, GmbH, Eningen, Germany). The following temperature program was used (default food program): 5 min at 160°C; 15 min at 190°C; 20 min at 100°C. After cooling, digested samples were transferred into 100-mL polypropylene volumetric flasks and diluted to volume with ultrapure water. In order to assess the possible presence of trace elements in reagents or carry-over effects of digestion vessels, five reagent blank samples were prepared as well, one per each session, according to the described procedure. These samples were analyzed in each analytical batch.
Analysis was performed by inductively coupled plasma mass spectrometry (ICP-MS) using the instrument "iCap Q" (Thermo Scientific, Bremen, Germany), equipped with a collision cell and operating in kinetic energy discrimination (KED) mode. The following isotopes were measured: chromium ( Se. An additional line of the peristaltic pump was used for an online introduction of a multielement internal standard ( Bi -2 ng/mL), covering a wide mass range. Concentrations of each measured isotope were corrected for response factors of both higher and lower mass internal standards using the interpolation method.
The quality of the analytical process with respect to accuracy and precision was assessed by analysis of the standard reference material SRM 1577c (NIST, Gaithersburg, MD, USA). Reference material was prepared in a random manner during microwave digestion of each sample batch and run at the beginning, in the middle and at the end of each sample list. Measured concentrations were within the range of the certified values for all isotopes (Table 2) .
Mercury (Hg) was measured using cold vapor technique by atomic absorption spectrometer SpectrAA 220 (Varian, Palo Alto, USA) with a VGA 77 hydride system and SnCl 2 in HCl as a reductant. Calibration was performed in five points; standard concentration range was 0.5-15.0 ng/mL. Absorption was measured at 257.3 nm. The quality of the analytical process was controlled using BCR-186 certified reference material (IRMM, Geel, Belgium). Reference material preparation and analysis were conducted in the same manner as described previously. Obtained Hg concentrations corresponded to the certified value ( Table 2 ). All concentrations were expressed as µg g -1 dry weight (dw).
Statistical analysis
The statistical analysis included comparisons of metal and trace element concentrations between skin and muscle, gill arch and filaments, proximal and distal liver sections, and the three intestine sections (proximal, median and distal). The normality of distribution of the analyzed samples was tested by the Kolmogorov-Smirnov test. Since the variables lacked normality of distribution, nonparametric tests were applied. Groups were compared by the Mann-Whitney U test (p<0.05).
RESULTS
The average body length and weight of the analyzed wels catfish specimens were 64.2±4.5 cm (55.5-69.0 cm) and 1773±327 g (1190-2390 g), respectively. All specimens were immature, with males representing the majority of specimens (85%).
Elemental accumulation in the muscle and the skin significantly differed (p<0.05) for the majority of elements (Table 3) . Significantly higher As, Co, Cu, Fe, Mn and Zn concentrations were detected in the skin, while the muscle had significantly higher Hg concentrations. There were no differences between the two tissues regarding Cr, Cd, Ni, Pb and Se concentrations.
The gill filaments and gill arch also differed significantly (p<0.05) for most of the studied elements (Table 4) . Gill filaments had significantly higher Cd, Co, Cr, Cu, Fe, Se and Hg concentrations and significantly lower Mn concentrations than the gill arch. There were no differences with regard to As, Ni, Pb and Zn between the two gill segments.
There were no differences (p>0.05) between elemental concentrations in the two studied liver sections (Table 5 ). The proximal and median intestine segments had the same elemental accumulation levels, while they both had significantly higher Co and Zn concentrations and lower Mn concentrations than the posterior segment (Table 6 ).
DISCUSSION
No differences in elemental accumulation were observed between the two studied liver segments, as well as between the two upper intestine sections. On the other hand, the muscle and skin significantly differed in their elemental accumulation patterns. Significant differences were also observed between the gill arch and the filaments, as well as between the distal and two upper intestine sections.
Higher accumulation of As, Co, Cu, Fe, Mn and Zn in the skin than in the muscle was also observed by other authors [9, [13] [14] [15] . Higher concentrations in the skin could be the result of metal complexion with the mucus [14] . Metal ions from water are able to bind to the mucus layer present on the body surface, which can lead to a higher uptake and absorption in the skin [16] . This is particularly the case with fishes without scales, such as wels catfish, where the mucus layer serves as a shield against permeation of environmental chemicals [17, 18] . On the other hand, the muscle has a weak accumulation potential and often represents the tissue with the lowest elemental concentrations in fish [6, 19, 20] . Uysal et al. [21] observed a lack of clear accumulation patterns between the two tissues, since different species had maximum concentrations in either muscle or skin. In the present study, higher Hg concentrations were detected in the muscle (Table  3) , while Storelli et al. [9] did not observe any differences between these two tissues. According to Fu et al. [22] , skin is not an active tissue for Hg bioaccumulation. The inclusion of skin in the sample can actually reduce resulting concentrations detected in the muscle sample [23] , and consequently present a false finding of the acceptable metal levels in fish meat. Other authors also found differences between the two tissues as regards Cd, Cr, Ni, Pb and Se accumulation [9, [10] [11] [12] [13] [14] [15] 21] , which was not observed in the present study. Removal of skin from the muscle sample for metal analyses is commonly recommended by fish sampling protocols [23] [24] [25] .
Potential differences between the gill arch and filaments with regard to elemental accumulation have been rarely assessed. Crafford and Avenant-Oldewage [10] reported higher Ni and Pb accumulation in the gill arch, which was not observed in the present study. However, bony tissues are considered to be a major Pb accumulation center, where it accumulates due to its similarity to calcium [26, 27] . Our results indicated a higher Mn concentration in the gill arch, while most of the other studied elements had lower concentrations than those found in the gill filaments (Table 4) . Mn tends to accumulate at the highest levels in bony tissues and it also represents a normal constituent of vertebrate skeletal tissues [26, 27] . Higher Cd, Co, Cr, Cu, Fe, Hg and Se accumulation levels in the gill filaments are probably a result of the direct uptake from water, since gills represent the main accumulation route of waterborne pollution [8, 9] . Some metals also tend to accumulate at higher concentrations in gills due to their slow excretion rate [28] .
Our findings indicated that there were no differences in elemental accumulation between the two studied liver sections (Table 5 ). To our knowledge, this issue was not assessed in any of the previous studies.
Assessment of metal accumulation in the intestine indicated that Co, Mn and Zn concentrations in the distal section differed from those in the two upper intestine sections, while there were no differences observed between the latter two. The observed differential accumulation among the studied intestine sections could be caused by differences in their activity. According to the literature survey, the present study was the first to address this issue.
Findings of the present study emphasize the necessity of a detailed reporting of how fish tissue is sampled. It is especially important to report whether the skin was included with the muscle sample, as well as if the gill arch and filaments were analyzed together. Moreover, information on the exact intestine section sampled should also be provided, especially if the study is focused on the elements for which differences in accumulation level have been observed in the present study. On the other hand, our findings indicate that such information is not necessary when the liver is used for analysis.
It is important to note that a potential bias can occur if different ratios of muscle and skin are included in a sample, and the same holds true for the gill arch and filaments. Therefore, we strongly recommend that the skin should not be analyzed together with the muscle, nor the gill arch with the gill filaments. We believe that the presented findings will be of importance to a wider scientific community, particularly regarding implications for human consumption when assessing metal levels in edible fish, as well as implications for biological monitoring practices.
